Abstract Sweet pepper (Capsicum annuum L.) is one of the major export crops in the Republic of Korea. Currently, synthetic insecticides are frequently used to control major greenhouse pests including Bemisia tabaci (Hemiptera: Aleyrodidae), Myzus persicae (Hemiptera: Aphididae), and Frankliniella occidentalis (Thysanoptera: Thripidae) in Korea. However, the repeated use of chemicals has caused insecticide resistance to be developed by pests. Therefore, there is a growing demand to develop biopesticides that have high insecticidal effects but little adverse impacts to crops and nontarget organisms. In this study, three natural compounds were investigated for insecticidal effects against three pests, B. tabaci, M. persicae, and F. occidentalis, and nontarget effects to a pollinator, Bombus terrestris (Hymenoptera: Apidae) in laboratory. The three natural compounds, named JP503, G.sol Ò , and NO40, were an extract from Perilla frutescens var. crispa with phytoncide essential oil from pine tree, a commercialized disinfectant solution, and a type of nitric oxide in aqueous solution. Among these compounds, JP503 showed high and acute insecticidal effects on all of the three pests causing 100% mortality in 3 h. In addition, this compound resulted in the same level of acute lethality to the pollinator.
Introduction
In the Republic of Korea, sweet pepper (Capsicum annuum L.), popularly known as paprika, was first grown in 1994 in Jeju Island and has since become a major export crop [1] . In addition to the importance of sweet pepper as an export crop, sweet pepper consumption in Korea has increased by over 40% in recent years [2] . In general, sweet peppers are commercially grown in greenhouse systems in Korea. In 2010, a nation-wide pest survey on sweet pepper was conducted for the first time in Korea, and the survey indicated that at least 15 pest species occurred in greenhouses and packing facilities [1] . Major pest complex found in greenhouse sweet pepper in Korea include Bemisia tabaci Gennadius (sweetpotato whitefly), Trialeurodes vaporariorum Westwood (greenhouse whitefly), Myzus persicae Sulzer (green peach aphid), and Tetranychus urticae Koch (two spotted spider mite) [1] . Interestingly, Kim et al. [1] found that the pest pressure on sweet pepper was generally lower in newer glasshouses compared to conventional plastic houses or open fields. However, there are very few studies examining life history or pest population dynamics on sweet pepper in Korea. In the case of whiteflies, a recent study monitored the spatiotemporal population dynamics of B. tabaci on sweet pepper in an experimental greenhouse and found that the pest populations aggregated near the greenhouse entrance and showed aggregated distributions [3] .
In many crop systems, the use of synthetic insecticides has served as a main component in pest management strategies [4] [5] [6] . Currently, many sweet pepper growers in Korea rely largely on the use of synthetic insecticides to protect the crops against greenhouse pest complex. The intensive use of the insecticides and acaricides has led to a wide range of pest species in greenhouses developing resistance to the synthetic insecticidal chemicals [7] [8] [9] .
Since insecticide resistance has been reported for the first time in M. persicae in 1955 [10] , a number of serious problems caused by insecticide resistance have increased. Under the current circumstances, there is an urgent need for the development of alternative strategies to make pest management programs more sustainable [6] . The use of biopesticides can be a promising tool which can be incorporated into integrated pest management (IPM), hence reducing the amount of synthetic insecticide use. Although there is no formally agreed definition of a biopesticide, Chandler et al. [6] defined a biopesticide as ''a mass-produced agent manufactured from a living microorganism or a natural product and sold for the control of plant pests.'' Using biopesticides as an IPM component can significantly reduce threat to human health and the environment because they have lower mammalian toxicity and faster degradation in the field [6] . However, repeated use of biopesticides can also result in pest populations developing resistance to the natural compounds. For instances, spinosad was widely used following its introduction in 1997, but resistance has already been reported from several important greenhouse pests such as western flower thrips [11] . Similarly, tetranychid mites have developed resistance to abamectin which is a macrocyclic lactone compound produced by Streptomyces avermitilis [12] . Therefore, it is critical to make continuous effort to utilize available chemicals more judiciously and continue to screen and develop new natural compounds as biopesticides.
In this study, we evaluated insecticidal effects of three natural compounds against three insect pests, B. tabaci, M. persicae, and F. occidentalis, in laboratory conditions. The three compounds were a plant extract, a commercial disinfectant solution, and a type of nitric oxide in aqueous solution. We selected one chemical as a candidate biopesticide based on the lethality to the three pests. Then, we examined whether the candidate material had adverse effects on a pollinator, Bombus terrestris (Hymenoptera: Apidae), which is most commonly used for pollination in sweet pepper greenhouses in Korea. We also evaluated whether the compound caused phytotoxicity on sweet pepper. Then, we conducted quantitative RT-PCR with a pest species (B. tabaci) and the pollinator (B. terrestris) to evaluate whether the candidate affected expression level of genes related to insect metabolisms. In addition to that, cell viability assays were also conducted to evaluate mammalian toxicity by the candidate material.
Materials and methods

Insects
Bemisia tabaci (Q-biotype) and Frankliniella occidentalis colonies were obtained from the National Institute of Agricultural Science, Republic of Korea, and the two colonies were maintained in laboratory. B. tabaci and F. occidentalis were reared on Nicotiana tabacum L. var. xanthi and Phaseolus vulgaris var. Humilis, respectively. The plants were watered every 2 days. Bombus terrestris and Myzus persicae colonies were purchased from Green AgroTech Inc. (Gyeongsan-si, Gyeongsangbuk-do, Republic of Korea) and Bio Utilization Institute (Andongsi, Gyeongsangbuk-do, Republic of Korea), respectively. The two species were used in the tests within 7 days after the purchase. All insects were maintained in a breeding room at under 26-28°C, 40-50% RH, and 16L: 8D photoperiod.
Formulation of natural chemicals
Three chemicals, named JP503, G.sol Ò , and NO40, were tested to evaluate their potentials as biopesticides in this study. JP503 was a blend of JS408 and phytoncide oil: JS408 was extracted from Perilla frutescens var. crispa leaves, and detailed information on extraction method and formulation is presented in Kim et al. [3] ; phytoncide essential oil was extracted from pine cone waste. Detailed information is provided in Kim and Lee [13] . Stock sample was formulated with 50 g of lecithin, 50 g of JS408, 3 g of phytoncide oil, 0.3 g of thymol, and 6.7 g of distilled water. Then, 10 g of the stock sample was diluted with 490 g of distilled water. NO40 was a type of nitric oxide in aqueous solution. To obtain NO40, undersurface water was inserted in steam generator with 300-mesh zeolite powder which was 3% of water capacity. Oxygen, hydrogen, and nitrogen gas were separated by two heated electrode bars in the generator and were pumped into activated carbon in a purification tank to filter nitrogen dioxide. Only nitric oxide steam was passed through the cooling chamber and condensed into liquid solution. For G.sol Ò , silver colloid fluid was first obtained. This fluid is made with AgNO 3 10 g, 99.5% ethanol 20 g, and flavonoid 0.01 g using alcohol reduction method in 80°C for 5 h. Detailed manufacturing information was described in Kim et al. [14] . The average particle diameter was 20-50 nm and diluted with distilled water to a concentration of 500 ppm. Using 500 ppm silver colloid fluid as solvent and TEOT (titaniumethoxyorthotitanate) 35 g, hydrolysis and condensation reaction were carried out at room temperature; HNO 3 0.5 g was used as a catalyst for hydrolysis. Stirring for 4-8 h, reaction temperature was 60-85°C, and titanium dioxide particles (average particle size 1-100 nm) were synthesized at a concentration of 1-5 wt%.
The three materials, JP503, NO40, and G.sol Ò , were analyzed by gas chromatograph-mass spectroscopy (GC/ MS), ion chromatograph (IC), and inductively coupled plasma-atomic emission spectrometer (ICP-AES), respectively. JP503 was analyzed by GC/MS with the same method described in Kim et al. [3] Table 3 . Reagents of extra pure redistilled water were distilled through Milli-Q Plus system (Millipore, Billerica, MA, USA), and as a standard stock solution, Ti and Ag were used (SPC Science, Cat.No. 140-000-221 and 140-001-471, Baie-d'Urfé, QC, Canada). As a sample injector, concentric glass nebulizer (00472020, PerkinElmer Inc., Waltham, MA, USA) was used. All these three materials were produced and analyzed by Phylus Co. Ltd. (Danyang, Chungbuk, Republic of Korea).
Lethality of test materials to insect pests
Laboratory bioassays were conducted to estimate insecticidal effects on three test materials on B. tabaci, M. persicae, and F. occidentalis. General bioassay procedures were established and executed by following the methods described in Kim et al. [3] . Each insect was individually introduced on a leaf disk which was dipped into the test materials or water, and dried before the introduction of insect. This experiment was replicated 30 times. The survival rate of the test insects was analyzed and compared between the four treatments (three test materials and untreated control) using Kaplan-Meier survivorship analysis (JMP 12.0.1, SAS Institute Inc., Cary, NC, USA).
Toxicity of a candidate biopesticide to a pollinator
In this experiment, both lethal and sublethal impacts of a candidate biopesticide were evaluated with B. terrestris in laboratory conditions. JP503 was selected as a candidate biopesticide based on the results of lethality tests with insect pests (see Results). For lethality test, the survivorship of B. terrestris was evaluated in the bioassays with slightly modified experimental arenas from the methods described above. In this experiment, B. terrestris was placed in an insect breeding jar (10 9 4 cm) (diameter 9 height) (310102, SPL, Pocheon-si, Republic of Korea) with a wet 90-mm-diameter filter paper on the bottom which was applied with the candidate biopesticide or water. The survivorship data were compared between the two treatments using Kaplan-Meier survivorship analysis (JMP 12.0.1, SAS Institute Inc., Cary, NC, USA). To evaluate sublethal impacts by the candidate material, a video-tracking system, EthoVision XT 10 (Noldus Information Technologies, Wageningen, The Netherlands) was used. The tracking system recorded the behaviors of B. terrestris for 6 h and analyzed the walking distance, velocity, and angular velocity of bee's movement after being exposed to the candidate biopesticide or water for 4 h. As a food source, B. terrestris was offered sugared water-soaked cotton. Experimental settings and analysis methods for the video tracking are described in detail in Lee et al. [15] . The behavioral parameters were compared between the two treatments using t test (JMP 12.0.1, SAS Institute Inc., Cary, NC, USA).
Phytotoxicity of a candidate biopesticide to sweet pepper
Potential phytotoxicity of JP503 was evaluated in 14 days on sweet pepper leaves in greenhouse. In an experimental greenhouse, healthy and undamaged plants were randomly selected from 13-week-old sweet peppers (Capsicum annuum L. var. Scirocco). The selected plants were then randomly assigned to the biopesticide treatment or untreated control. The leaves were sprayed with the biopesticide or water, and they were collected from the plants at 2, 7, and 14 days after the spray. The collected leaves were subjected to blind tests in the laboratory to evaluate the level of phytotoxicity by five participants, following a guideline developed by National Institute of Agricultural Sciences, Korea [3] . The data were analyzed using t test to compare the levels of phytotoxicity between the two treatments (JMP 12.0.1, SAS Institute Inc., Cary, NC, USA).
Quantitative RT-PCR
qRT-PCR was used to quantitatively measure a specific gene expression level. The selected genes were related to the synthesis of adenosine triphosphate (ATP) through oxidative phosphorylation at mitochondrial electron transport chain of B. tabaci and B. terrestris. To further determine whether the JP503 biopesticide affects the expression of genes involved in metabolism, B. tabaci and B. terrestris were treated with the JP503 biopesticide, and the relative levels of transcripts determined using qRT-PCR. Total RNA was isolated using the ZR Tissue & Insect RNA MicroPrep TM (R2030, Zymo Research, USA) and reverse transcribed into cDNA with the TOPscript TM cDNA Synthesis Kit (EZ005S, Enzynomics, Daejeon, Republic of Korea) in keeping with the manufacturer's guidelines. Real-time PCRs were carried out in a 20-lL reaction volume containing 1X HOT FIREPol Ò EvaGreen Ò qPCR mix Plus (08-24-00001, Solis BioDyne, Tartu, Estonia) with the following primers described in Table 4 .
Cell viability assay
CellTiter-Glo luminescent cell viability assay (G7570, Promega, Madison, WI, USA) was used to quantitatively measure the levels of ATP in metabolically active and viable cells. The assay was performed according to specified manufacturer's instructions. 
Lethality of natural materials to insect pests
The mortality of three insect pests and one pollinator over 24 h in the biopesticide treatments and untreated control is presented in Fig. 1 . Based on Kaplan-Meier survivorship with log-rank test, the results of survival rate analysis indicated that there were significant differences among the treatments in three tested insects (B. tabaci, v 2 = 144.2217, df = 3, and P \ 0.001; F. occidentalis, v 2 = 131.6202, df = 3, and P \ 0.001; and M. persicae, v 2 = 104.2437, df = 3, and P \ 0.001). JP503 resulted in 100% mortality in 3 h for all the three insects tested. It was noted that the mortality of three insect pests in the JP503 biopesticide treatment started to sharply increase within 15 min (personal observation), before eventually resulting in almost 100% mortality in an hour. It showed statistical difference between JP503 treated and untreated control in three tested insects (P \ 0.001). In contrast, the other two candidate materials yielded slower and modest insecticidal effects on the insects tested. In particular, at the end of time point, there was no significant difference between the NO40 treated and the control in three tested insects; the same result showed in G.sol
Toxicity of a natural material to a pollinator
The mortality of adult B. terrestris over 48 h caused by JP408 and NO40 was significantly higher than that by G.sol Ò or untreated control (v 2 = 151.7350; df = 3; P \ 0.001) (Fig. 2) . The JP503 biopesticide resulted in 100% mortality of B. terrestris in 1 h. In the tests evaluating sublethal effects of the JP503 biopesticide on B. terrestris movement, there was no significant difference between the biopesticide treatment and control in walking distance, walking velocity (P [ 0.05). However, there was a significant decrease by JP503 in the angular velocity compared to untreated control (P = 0.0270) ( Table 7) . 
Phytotoxicity of a candidate biopesticide to sweet pepper
The results of the phytotoxicity test indicate that the application of biopesticide caused significant damage on sweet pepper leaves. When the sweet pepper leaves were sprayed with JP503, the biopesticide formed a thin, transparent gel-like layer (Fig. 3A) . Two days after the spray, the specks of spraying still remained. For this reason, at day 2, five participants scored 0.51 on average on the leaves treated with water but scored 1.11 on those treated with JP503 biopesticide (P \ 0.001, Fig. 4A ) in the first blind test. Seven days after the spray, JP503-treated leaves had turned yellow and some of them had fallen, and the biopesticide spray mark had turned black and dead spots had formed on the sweet pepper leaves (Fig. 3B) . In addition to that, it was noted that more leaves of JP503-treated plants started falling more than those of untreated control (personal observation). And the participants gave higher phytotoxicity score on JP503-treated leaves than the untreated leaves (P \ 0.001) (Fig. 4B) . Fourteen days after the spray, the score of third blind test showed a similar trend to the previous results; the participants gave higher score on treated than untreated control (P \ 0.001, Fig. 4C ). The treated leaves became yellow, more brown spots were formed compared to after day 7, and most of JP503-treated plant's leaves had fallen down (Fig. 3C, D) . Effects of the JP503, candidate biopesticide, on an insect pest (B. tabaci) and a pollinator (B. terrestris)
For B. tabaci, at 5 min after treatment with the JP503 biopesticide, levels of cyclooxygenase 1 (COX-1) and ATP synthase Fo subunit-6 (ATP-6) transcripts in B. tabaci were reduced by approximately 50 and 66%, respectively (Fig. 5A) . For B. terrestris, treatment with the JP503 biopesticide for 5 min also significantly reduced the levels of NADH dehydrogenase 1 alpha subcomplex subunit 12 (NDUFA12), cytochrome b-c1 complex subunit 9-like (UQCR10-like), ATP synthase subunit b (ATP5F1), and cytochrome b-c1 complex subunit 8 (UQCRQ) by 83, 61, 58, and 58%, respectively (Fig. 5B) . Thus, these data indicate that the JP503 biopesticide treatment down-regulates gene expression in both B. tabaci and B. terrestris.
Cytotoxic effect of the biopesticide on mammalian cell lines
To examine the cytotoxicity of the JP503 biopesticide on mammalian cell lines, murine macrophage cell line (RAW264.7), mouse embryonic fibroblast (MEF), and human foreskin fibroblast (HFF) were treated with various concentrations of the pesticide, and the amount of cellular ATP proportional to the number of metabolically active cells was analyzed using the CellTiter-Glo assay at 12, 24, and 48 h after treatment. Compared to the control, the JP503 biopesticide exhibited strong cytotoxic effect against mammalian cell lines at 1 and 10% within 12 h after treatment (Fig. 6) . However, JP503 did not exhibit significant cytotoxic effects on mammalian cell lines at the concentration less than 0.1% (Fig. 6 ).
Discussion
Synthetic chemical pesticides have served as a main tool in crop protection over the past 50 years [6] . However, excessive and injudicious use of these synthetic pesticides has resulted in management failure and damage to human health and the environment [5-7, 9, 16, 17] . The use of pesticide products based on ''old'' chemistry is becoming more difficult and being withdrawn because of development of heritable resistance and new health and safety legislation [6] . Despite the urgent need for alternative tactics, the rate at which new and more environment-friendly chemicals such as biopesticides are being developed is very low [18] . For example, researches on bioactivity of plant derivatives to arthropod pests continue to expand, but only a handful of botanicals are currently used in crop protection [16] . To date, pyrethrum and neem are well established in the marketplace, and plant essential oil products have been recently added to the arsenal [16] . In a recent review article by Chandler et al. [6] , only four biopesticides including Bacillus thuringiensis var kurstaki (bacterium), Beauveria bassiana (fungus), Cydia pomonella GV (virus), and azadirachtin (biochemical) were listed as active ingredients in the representative examples of commercially available biopesticides. Given that over 500 arthropod pest species terrestris. (A) Groups of B. tabaci were treated with the JP503 for 5, 10, and 15 min, and the relative levels of COX-1 and ATP-6 transcripts were determined using qRT-PCR. Significant differences between samples were determined based on P values obtained from the Student's t test. *Significant at P \ 0.05 and **significant at P \ 0.1. (B) Groups of B. terrestris were treated with the JP503 for 5 and 10 min, and the relative levels of NDUFA12, UQCR10-like, ATP5F1 and UQCRQ transcripts were determined using qRT-PCR. Significant differences between samples were determined based on P values obtained from the Student's t test. All samples are significantly different at P \ 0.05 are known to have resistance to one or more pesticides, more research efforts must be put in place to develop and commercialize biopesticides as an alternative tactic to conventional synthetic chemicals [19] .
The body of scientific literature addressing the effectiveness of synthetic pesticides for major greenhouse pests is fairly vast; however, research efforts to develop biopesticides against greenhouse pest complex that has emerged recently have been on the rise. For B. tabaci, previous studies indicate that pyrethrum, neem-based formulation, and essential oils have promising potentials to control whiteflies [20] [21] [22] . For T. vaporariorum, applications of pyrethrum resulted in fast and high mortality to the adults but also showed high toxicity on a whitefly parasitoid Encarsia formosa [23] . In the same study, the authors concluded that a commercial neem-based formulation had the most potential for use in an IPM program because the neem product caused 50% mortality of adult whiteflies in 6 h with very low toxicity to the parasitoid. Choi et al. [24] evaluated 53 plant essential oils for their insecticidal activities against T. vaporariorum and documented that 17 oils at the concentration of 2.3 9 10 -3 lL/mL caused more than 90% mortality in 24 h. For M. persicae, four biorational insecticides (pyrethrins, neem extract, capsaicin extract, and insecticidal soap) were toxic to aphids. The combined use of these insecticides provided synergistic activity on aphid mortality in laboratory conditions [25] . In the same study, however, it was found that under field conditions that these insecticides failed to provide significant levels of control of the aphids. Interestingly, Lo et al. [26] reported that pyrethrum mixed with mineral oil was highly effective by reducing M. persicae population by over 75% in field conditions. Also, the insecticidal activity of Cinnamomum cassia and Coriandrum sativum oils showed that they could be an effective natural acaricide and insecticide [27] . For T. urticae, lethal toxicity of biopesticides (pyrethrins, azadirachtin, rotenone, and B. bassiana) was evaluated with T. urticae females and eggs. In general, females were more susceptible to the pesticides than eggs; the pesticides resulted in significant decrease in the female survival rates by 31-86% compared to untreated control in laboratory conditions [28] . In addition to that, Momen et al. [29] demonstrated that mint, Mentha virdis L., had significant repellency and lethal toxicity to T. urticae in laboratory conditions.
In this study, three materials were tested by laboratory bioassay, and only one material, JP503, showed acute and high insecticidal effect. JP503 is composed of a-pinene, bpinene, and D-limonene, which belong to monoterpene [30] . These three compounds have been reported to have antibacterial activities [31] , anti-inflammatory, and anticancer potential [32] . In addition, a-pinene and b-pinene were attributed to synergetic insecticidal effects when they were used with some essential oil compounds together [33, 34] . Limonene is an active insecticidal compound in several pesticides used as insecticides, insect repellent, dog and cat repellents [35] .
Although JP503 has great potential as a biopesticide causing acute and high lethality on the pest complex tested in this study, the impact of JP503 was also highly detrimental to a beneficial pollinator, B. terrestris. The mortality of JP503-treated bees was 100% within 1 h, with apparent moribund conditions (e.g., paralyzing the body) before death. Unfortunately, this means that the current formulation of JP503 cannot fit into IPM programs for sweet pepper in which the use of pollinators plays a key role in the greenhouse. To avoid detrimental impacts of JP503 on the pollinator, it would be crucial to decouple time windows between insecticide applications and pollinator's release. Given that commercialized pollination systems using B. terrestris are easy to deploy and retrieve, this strategy is practical for growers. Currently, many growers use synthetic insecticides with the same strategy proposed above.
There is an expanding body of scientific literature addressing the impact of insecticides on pollinators [36] [37] [38] . Lethal effects of insecticides reduce directly the number of pollination service providers. For this reason, traditional measurement of side effects of insecticides to beneficial insects has largely been limited to the estimation of an acute median lethal dose or concentration [36] . In addition to direct mortality of the beneficial, however, sublethal impacts of insecticides on physiology and behavior of those insects must be considered for complete understanding the impact of insecticides [36] . In particular, pollinators used for greenhouse crops are more likely to be exposed to sublethal dose of insecticides, because they are typically released between insecticide applications. In this study, we found that in dry residue condition, JP503 did not cause significant changes in walking mobility of the pollinators.
Potential adverse effects of insecticides on plants have been studied with various synthetic and natural compounds [39] [40] [41] [42] . Plant injuries from chemicals are called phytotoxicity [41] . In broad sense, chlorosis or yellowing of leaves, leaf distortion, and stunting of growth have been reported as examples of the impact of phytotoxicity [41] . Olofinboba and Kozlowski [39] found that systemic insecticides including acephate, chlorpyrifos, and oxamyl were variously toxic to Pinus halepensis seeds and seedlings. In particular, direct application of oxamyl to seed suppressed completely germination in the study. Isoalantolactone, a natural product isolated from Inula racemose, was found to have toxic activities against rice weevil (Sitophilus oryzae); however, the product also had strong phytotoxic effects on seed germination and seedling growth of wheat [42] . Interestingly, this side effect was reduced substantially by shortening the treating time.
In this study, along with the detrimental effects of JP503 on B. terrestris, the observed phytotoxicity to sweet pepper significantly limits the use and commercialization of this material. The results of this study indicate that JP503 caused severe phytotoxicity such as gel-like layer when the leaves were dipped in laboratory, and black dead spots in field condition when they were sprayed. To alleviate this phytotoxicity issue, the formulation of JP503 must be modified in further studies by identifying the compounds in JP503 responsible for phytotoxicity. With the current formulation of JP503, the use of this biopesticide should be limited to wild host plants adjacent to sweet pepper greenhouse or utilized in site-specific applications such as trap or barrier crops.
JP503 significantly down-regulated expression levels of cytochrome c oxidase subunit 1 and ATP synthase Fo subunit-6 genes in B. tabaci and NADH dehydrogenase subunit-1, cytochrome b-c1 complex subunit 9-like, ATP synthase subunit b and cytochrome b-c1 complex subunit 8 genes in B. terrestris. In addition, the viability of Raw264.7, MEF and HFF cells was drastically reduced by JP503 treatment. These data indicate that JP503 exerts significant cytotoxicity against arthropods as well as mammalian cells that may cause reduction in the global gene expression.
To reduce the use of synthetic insecticides and develop alternative strategies for pest management, we evaluated three materials as potential biopesticides in laboratory bioassays. In results, JP503 showed acute and high toxicity to the greenhouse pest complex tested in the laboratory bioassay condition. However, JP503 resulted extremely high mortality of pollinator and caused severe phytotoxicity on sweet pepper plants. Therefore, various formulations of JP503 need to be developed and tested with pest and beneficial insects.
